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ABSTRACT 


Purpose: The purpose of this pilot study was to evaluate the potential of an innovative high school 
neuroscience-based health course for implementation feasibility and impact on student outcomes. 
Methods: Thirteen teachers from two high schools participated in this quasi-experimental pilot study 
including 395 students (202 in the intervention classes and 193 in the comparison classes). Students 
completed pre/post online surveys assessing their knowledge, beliefs, and behaviors. Our analysis strat- 
egy for multi-item measures was to estimate the effects of the intervention on latent change scores in 
structural equation models. 
Results: Students in the neuroscience health classes showed a significant increase in neuroscience 
knowledge as compared to students in the comparison group (difference estimate in proportion correct 
metric, adjusted for covariates = .04; 95% confidence interval [.01, .06]). However, none of the other pri- 
mary outcomes showed a significant difference between conditions. Teachers in the intervention group 
were observed implementing the neuroscience and health components more often than the self-regula- 
tion and growth mindset components. Students in the neuroscience group were more likely to mention 
the importance of caring for their brain and its link to health behaviors. 
Conclusions: Findings demonstrate that information about the link between health behaviors and brain 
functioning can be successfully integrated into a high school health education course, although effects 
on student health beliefs and behaviors were not observed. Additional development work should focus 
on clarifying the theoretical mechanisms of change, integrating the neuroscience content with self-regu- 
lation and growth mindset, and providing additional professional development for teachers. 

© 2018 Society for Adolescent Health and Medicine. All rights reserved. 


IMPLICATIONS AND 
CONTRIBUTION 


This pilot study demon- 
strated the feasibility of inte- 
grating information about 
the link between health 
behaviors and brain func- 
tioning into a high school 
course, although additional 
development work is needed 
to realize the potential of this 
approach with regard to stu- 
dent outcomes. Such work 
should consider additional 
professional development 
for teachers and stronger 
methods to help students 
apply knowledge to their 
health decision-making and 
behaviors. A thorough exam- 
ination of recent develop- 
ments in theoretical models 
for adolescent health deci- 
sion-making processes may 
be helpful in strengthening 
the curriculum 
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Recent advances in developmental neuroscience hold potential 
for strengthening health education programs for youth. Studies 
have demonstrated the link between brain functioning and health 
behaviors such as sleep [1], exercise [2], healthy eating [3], and 
stress [4]. However, high school health education courses rarely 
focus on the link between health behaviors and the brain, and 
research in this area is limited. This is a missed opportunity since 
adolescence is a unique developmental period for both the promo- 
tion of healthy behaviors and prevention of risky behaviors [6,7]. 
Adolescents are beginning to exert control over their own health 
decisions, in both positive and negative ways. For example, the 
mean age at first use for many illegal drugs, alcohol, and cigarettes 
is during the teen years [8]. Adolescents are also adopting lifelong 
health-promoting behaviors such as regular physical activity and 
healthy eating [9]. 

Developmental neuroscience also provides a framework for 
thinking about how adolescents make decisions about their health 
behaviors. Steinberg argues that adolescent risk-taking depends 
on both logical reasoning and psychosocial capacities [10]. The 
adolescent brain is especially sensitive to social and emotional 
conditions related to processing information about rewards | 10]. 
In addition, cognitive-control abilities continue to develop 
throughout adolescence including executive function abilities such 
as planning and self-regulation [10] and may be leveraged to sup- 
port healthy decision-making. 

While earlier models of risk-taking suggested that interven- 
tions should focus on getting adolescents to simply avoid all risks 
given their less well-developed prefrontal cortex (e.g., Just Say No), 
current developmental models also focus on adopting healthy 
behaviors. One such curriculum that integrates neuroscience and 
the promotion of positive health behaviors is the National Institute 
of Health curriculum called The Brain: Understanding Neurobiology 
through the Study of Addiction [5]. Researchers compared student 
outcomes for the five-lesson brain curriculum in two urban high 


Table 1 
Teacher and student demographics 


Teachers n 
Gender n (%) 
Male 
Female 
Race/Eth n (%) Afr-Amer 
White 
Yrs exp in educ M (SD) 
Students n 
Student-reported variables 
Gender n (%) 
Male 
Female 
Grade n (%) Ninth graders 
Age in months M (SD) 
Race/ethnicity n (%) 
Latino 
Afr-Amer 
White 
Other 


Days of curr prior to pretest 
District-reported variables 

Weighted GPA M (SD) 

Days absent M (SD) 

Students with disabilities n (%) 

Free or reduced lunch n (%) 

Limited Eng proficiency n (%) 


* ttest or chi square (p < .05). 


schools, one that received the new curriculum and one that 
received the usual curriculum. An evaluation of the program found 
it to be a promising strategy for preventing substance use among 
adolescents, particularly for cigarette and marijuana use, although 
all differences between the groups were extinguished by the fol- 
low-up 6—8 months post intervention. The small sample and brief 
program suggest need for further research on this approach. 
Capitalizing on recent research that links brain functioning 
and health behaviors and building on the extensive literature 
supporting social-cognitive approaches to behavior change, we 
developed a neuroscience-based health education class. This 
course is centered on an emerging new field of health neurosci- 
ence [11, p. 447] that aims to “characterize the bidirectional and 
dynamic brain-behavior and brain-physiology relationships that 
are the determinants, markers, and consequences of physical 
health states.” This approach is consistent with calls for applied 
research that examines the impact of developmental neuroscience 
in school-based prevention programs [12]. However, new pro- 
grams also need careful evaluation to ensure that they can be 
implemented by school staff, and so that any limitations can be 
identified and addressed before large-scale dissemination. 


The present study 


Our study objectives were to assess the feasibility of integrating 
neuroscience into high school health education and to evaluate the 
promise of a neuroscience-based health course as compared to 
the standard health education course for a range of student out- 
comes using a quasi-experimental design. Primary outcomes 
focus on students’ awareness of the links between health behav- 
iors and the brain, core neuroscience knowledge, growth mindset, 
self-monitoring and self-control, and self-efficacy for academic 
planning and academic focus. Secondary outcomes examined 
include beliefs about the impacts of positive health behaviors and 


Comparison Neuroscience Total/average 
7 6 13 

6 (85.7) 4 (66.7) 10 
1(14.3) 2 (33.3) 3 
1(14.3) 0(0) 1 

6 (85.7) 6 (100) 2 

10.3 (4.9) 16.2 (7.9) 13 (6.9) 
193 202 395 

109 (56.5) 92 (45.5) 201 (51)* 
84 (43.5) 110 (54.5) 194 (49) 
171 (89) 188 (93) 359 (91) 
175.5 175.2 175.4 
27 (14) 35 (17) 62 (16)* 
33 (17) 55 (27) 88 (22) 
115 (60) 87 (43) 225 (57) 
18 (9) 25 (12) 43 (11) 
2 2a 2.3" 
3.32 3.28 3.3 

Bo! 2.78 oui, 

16 (8) 13 (6) 29 (7) 
47 (24) 54 (27) 101 (26) 
6 (3) 12 (6) 18 (5) 
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self-reported changes in health behaviors including physical activ- 
ity, healthy eating, sufficient sleep, stress management, and alco- 
hol, marijuana and other drug use. 


Methods 
Participants and setting 


Students from two high schools in a large school district were 
selected based upon recommendation by district leadership and 
principal interest. School A had about 2,379 students during the 
2014—2015 school year with about 27% of students eligible for 
free or reduced price lunch. School B had an enrollment of 1,906 
students during the 2014—2015 school year with about 24% of 
students eligible for free or reduced price lunch, compared to the 
state average of 53%. Academic achievement in the two schools 
was also similar as measured by the percentage of students who 
were proficient on the English II assessment (72.7% and 69.5%, 
compared to the district average of 70.6%). Thirteen teachers 
(6 intervention, 7 comparison) participated, representing all the 
teachers at the targeted schools who taught a section of the 
required ninth grade Healthful Living class. 

All students in participating teachers’ classrooms were 
invited to participate. In the intervention classrooms, 218 of the 
285 students (76.5%) returned the parent consent form and 
agreed to participate while 208 of the 274 students (76%) in the 
comparison classrooms returned the parent consent form and 
agreed to participate. The final dataset includes 395 students, 
202 in the intervention classes and 193 in the comparison 
classes (see Table 1). 


Procedures 


Prior to the start of the fall semester, one school was selected 
by the school administrators to implement the new Neurosci- 
ence-Based Health Education course in the fall while teachers at 
the other school implemented the usual Healthful Living course. 
The health course is offered on a semester schedule of 90 days 
of instruction, half physical education and half health. At the 
beginning and end of the semester, students completed an 
online survey assessing their knowledge, beliefs, and behaviors 
related to the curriculum as well as demographic information. 
A trained observer rated each teacher on implementation of 
core curriculum components. 


Table 3 
Classroom observations. 


Table 2 
Neuroscience-based health education curriculum outline 


Unit 1: Brain 101 
Brain anatomy introduced all week via activities/games 
¢ Lesson 1 — Brain growth, development & why it is important 
¢ Lesson 2 — Great aspects of adolescent brain functioning 
e Lesson 3 — Neurons, myelination, connectivity 
¢ Lesson 4 — Limbic system (emotions), adolescent brain, and decision 
making 
e Lesson 5 — Motivation and memory storage 
e Lesson 6 — Behaviors that inhibit and strategies that enhance learning 
Unit 2: Automatic processes 
e Lesson 1 — Impact of alcohol & drugs on involuntary system functions 
¢ Lesson 2 — Conscious/perception system functions 
¢ Lesson 3 — Stress/ stress management 
e Lesson 4 — Importance of sleep on brain function 
Unit 3: Sensing & moving 
¢ Lesson 1 — The brain & senses 
e Lesson 2 — Responses to sensory input (the brain, senses, motor skills 
and movement) 
Unit 4: Controlling voluntary behavior 
e Lesson 1 — Survival & nutrition 
Unit 5: Thinking, planning, prioritizing the cortex 
e Lesson 1 — Decision making 
¢ Lesson 2 — Conflict resolution & social behavior (aggression) 
e Lesson 3 — Conflict resolution & social behavior (affiliation) 
Unit 6: Relationships 
¢ Lesson 1 — Neurobiology of social behavior 
¢ Lesson 2 — Relationships (family, friends, romantic) 
¢ Lesson 3 — Sex and the brain 
¢ Lesson 4 — Healthy relationships 
¢ Lesson 5 — Preventing unhealthy relationships 
Unit 7: Responding and adapting: environment and your brain 
¢ Lesson 1 — Physical risks in the environment 
¢ Lesson 2 — The brain & drugs: part I 
¢ Lesson 3 — The brain & drugs: part II 
Lesson 4 - Media influences 
Unit 8: Healthy versus unhealthy behavior 
e Lesson 1 — Addiction 
e Lesson 2 — Depression & anxiety 
¢ Lesson 3 — Chronic disorders in the brain 
¢ Lesson 4 — Optimal overall brain health 


Description of the intervention 


The Neuroscience-Based Health Education curriculum includes 
information about the structure and function of the brain, the con- 
nection of neuroscience and health, and the relevance of this infor- 
mation to the students’ everyday lives (see Tables 2 and 3). 
Throughout the course, students were encouraged to use a social 
cognitive framework [6] to promote self-regulation for healthy 


Content domain Descriptor Comparison observations! Neuroscience observations! 
(n= 18 obs) (n= 20 obs) 
Health behaviors Information about a specific health behavior. 100% 100% 
Connection of neuroscience to health behaviors Information about how a brain function or structure 20% 89% 
impacts a specific health behavior OR 
Information about how a specific health behavior affects 
brain function or structure. 
Neuroscience (without a connection to health) Information about brain structure or function delivered in 0% 77% 
a scientifically accurate and understandable manner. 
Self-regulation strategies Information about self-regulation or self-monitoring strat- 0% 65% 
egies (such as the four P’s) to encourage students to 
improve a specific health behavior. 
Growth mindset Information about embracing challenges, persisting in the 0% 11% 


face of setbacks, and seeing effort as the path to mastery. 
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decision-making that included four steps: Plan, Prioritize, Practice, 
and Praise, called the four P’s, which was developed for this study. 
The curriculum focused on the brain’s impact on health and the 
impact of health behaviors on the brain to apply the decision- 
making framework and growth mindset concepts to positively 
impact their health behaviors. The curriculum met the standards 
of the North Carolina Course of Study for Healthful Living. 

Teachers attended a 3-day training about the structure and 
function of the brain and its connection to health as well as oppor- 
tunities to practice several of the curricular modules. Curricular 
materials and video links were provided through an electronic 
course site. An instructional coach was available each week to sup- 
port the teachers’ implementation of the curriculum. 


Measures 


Classroom observations and teacher interviews. A classroom obser- 
vation measure was developed to assess the delivery of the curric- 
ulum in both intervention and comparison classrooms. This 
measure assessed the extent to which the content was observed 
on a three-point scale from present, partially present, to absent on 
five core domains including: (1) health behaviors, (2) connection 
of neuroscience to health behaviors, (3) neuroscience content, (4) 
self-regulation strategies, and (5) growth mindset. A trained 
observer rated each teacher three times (except for one teacher 
who was observed twice) during the semester across a variety of 
lessons. Inter-rater reliability was calculated based on 12 observa- 
tions (33%) (Kappa =.83 [p < .001], 95% confidence interval [CI] 
[.71, .96]). 

Intervention teachers were interviewed at the end of the 
semester to provide formative feedback about the challenges and 
benefits of the curriculum to guide further development work. The 
students’ open-ended survey responses and intervention teacher 
interview transcriptions were coded for common themes using 
QSR International’s NVivo 11 Software for qualitative data analy- 
sis. 


Neuroscience knowledge. Students’ understanding of the core neu- 
roscience content as it relates to health behaviors was assessed 
with a measure developed for this study. Areas of knowledge 
assessed include general and adolescent-specific brain structure 
and functioning, impact of health behaviors (i.e., exercise, nutri- 
tion, and sleep) and stress on the brain, role of the brain in motiva- 
tion and practice, drug use in adolescence, and mental health 
problems and treatment. 


Self-regulation. Self-regulation was assessed with a modified ver- 
sion of the Self-Control and Self-Management Scale |13] originally 
developed with college students. Psychometrics for the original 
measure indicated adequate internal consistency (w=.81) and 
test-retest reliability (r=.75). In the present study, items were 
reworded to reduce the reading level for adolescents; thus, addi- 
tional psychometric evaluation resulted in a measure that included 
12 items with two subscales assessing components of self-regula- 
tion [14,15]: self-monitoring (SM; 8 items, internal consistency 
coefficient w=.86, 95% CI [.84, .89]) and self-reinforcing (SR; 
4 items, w =.80, CI [.76, .84]). 


Self-regulated learning behaviors. The self-efficacy for self-regu- 
lated learning scale of the high school version of the Children’s Mul- 
tidimensional Self-Efficacy Scales is an 11-item, seven-point scale 
that measures students’ perceived capability to use a variety of 


self-regulated learning strategies such as “finish my homework 
assignments by deadlines” and “motivate yourself to do school- 
work.” Previous work has demonstrated high internal consistency 
(a= .87) [16]. However, in the present sample, two interpretable 
factors emerged from EFA that can be described as Academic Plan- 
ning and Academic Focusing. The two-factor CFA showed predomi- 
nantly acceptable measures of approximate fit, x? (26, N = 
380)=81.51, p < .001, est. RMSEA=.074 (90% CI: .056, .093), 
CFI = .93, TLI = .90, SRMR = .048. Self-efficacy for Academic Planning 
(5 items) showed internal consistency w = .84, 95% CI [.80, .86]; for 
Academic Focusing (4 items), w =.74, CI [.69, .79]. 


Growth mindset. The Theory of Brain Abilities is a six-item measure 
adapted from Dweck [17] by modifying the word “intelligence” to 
“brain abilities” to broaden the assessment of incremental and 
entity theory. Students rated items on a six-point Likert scale with 
statements such as “No matter who you are, you can change your 
brain abilities a lot.” 

The original Effort Beliefs Measure is a 12-item scale assess- 
ing the extent to which students believe that their efforts (or 
practice) will lead to positive outcomes [18]. Students rated 
items such as “When something is hard, it just makes me want 
to work more on it, not less.” Internal consistency ranged from 
.78 to .97 [18]. 

Examination of correlations among the Growth Mindset 
items in the current data indicated problems with the reverse- 
scored items—in most cases, they were essentially orthogonal 
to the positively-worded items. Given this, we used only the 
positively-phrased questions, three for Brain Abilities and four 
for Effort Beliefs. Confirmatory factor analysis (CFA) indicated 
good fit of this two-factor model in the current data, x? (13, 
N = 380)=16.31, p = .233. Coefficient w for Effort Beliefs was 
65, 95% CI [.56, .72]. w is not defined for three-item scales 
(Brain Abilities). 


Health beliefs, behaviors, and intentions. The measure was adapted 
from the Center for Substance Abuse Prevention’s Substance Use Pre- 
vention measure — Perception of Disapproval/Attitude and Perceived 
Risk and the CDC Youth Risk Behavior Survey. We created specific 
items related to beliefs about health behaviors and substance use 
to align with our curriculum. Areas assessed include beliefs about 
how different health factors (physical activity, nutrition, sleep, 
stress, alcohol, marijuana, and drugs) impact the brain, school per- 
formance, sports performance, stress and health, with higher 
scores reflecting greater perceived impact. Due to sparse respond- 
ing, only non-negatively valenced responses were used, consoli- 
dating the five-point response metrics to three. Categorical-data 
confirmatory factor analysis (CCFA) in the current supported these 
seven a priori health-belief factors, with acceptable measures 
of approximate fit, x? (329, N = 380)=420.00, p = .001, est. 
RMSEA = .026 (90% CI: .018, .034), CFI =.99, TLI =.99. Internal con- 
sistency was acceptable to good by coefficient w from ordinal data: 
physical activity w =.82, 95% CI [.79, .85]; nutrition w=.85, CI [.83, 
87]; sleep w= .90, CI [.88, .92]; stress w=.90, CI [.89, .92]; alcohol 
@=.97, CI [.96, .97]; marijuana w=.98, CI [.98, .98]; other drugs 
w= .99, CI [.99, .99]. 

Students were asked to indicate the actual frequency of health- 
related behaviors and experiences in a typical week, based on the 
High School Youth Behavior Risk Survey [19]. Students also 
responded to an open-ended question about the most important 
thing they learned in health class. 
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Analytic approach 


We first examined the internal consistency of our scales 
using McDonald’s coefficient w. For continuous measures, we 
used the accelerated bootstrap to determine the CI around the 
estimate of w. For ordinal measures (the belief scales, after 
truncation), we estimated w from the polychoric correlation 
matrix. As the raw data were not used in this case, we report 
the normal-theory standard errors. Internal consistency was 
computed using the scale Structure function in the R package 
‘userfriendlyscience’ v.0.7.0 0 [20]. In additional preprocessing, 
we also examined condition differences in all variables at 
baseline. 

The general analysis strategy for multi-item measures was to 
estimate the effects of intervention on latent change scores in 
structural equation models. These change scores reflected differ- 
ences in the means of the latent factors between pretest 
and posttest. We included all factors of multifactor scales (e.g., 
self-regulated learning behaviors) in single models; other out- 
comes were modeled separately due to sample-size limitations 
on model complexity. For single-indicator outcomes (e.g., neu- 
roscience knowledge), we used simple difference scores as the 
outcome. The latent difference is defined by its relation to the 
post-test latent variable, which has its intercept fixed to zero 
and no disturbance (residual) variance. In this model, then, the 
latent post-test variable is the fully-determined sum of the pre- 
test (fixed loading of 1) and the latent difference (fixed loading 
of 1). 

Covariates partialed from both pretest and difference scores 
included gender, race, and ethnicity (coded as Hispanic or Latino, 
non-Hispanic African American, non-Hispanic white, multiracial, 
or other), free-or-reduced-price lunch status (binary), GPA at the 
end of the fall semester, grade in school (dichotomized as ninth or 
greater than ninth), absences (categorized as 0, 1—3, or 4—10), and 
days of curriculum delivered prior to the individual student’s pre- 
test (typically 2 or 3 days). Controlling for the number of days of 
the curriculum prior to the pretest was necessary because of the 
time needed at the beginning of the school year to obtain parental 
consent. 


Results 
Survey data preprocessing 


We made an a priori decision to omit any survey data for 
which a student completed the entire battery in less than 
10 minutes, with the assumption that such a short response 
time indicated noncompliance with the survey procedures. The 
mean completion time was 30.5 minutes, SD=8.1 for pretest 
and M=27.5 minutes, SD=8.4 for post-test. Post-test survey 
data for 15 participants were omitted from all further analyses 
by this criterion. No pretest survey responses met the criterion. 

We also tested for baseline differences in all outcome measures. 
After applying the Benjamini—Hochberg control for the false dis- 
covery rate, one variable showed a significant difference: students 
in the neuroscience health classes rated the impact of marijuana 
on health behaviors as weaker than did students in and the com- 
parison group. Because effects on this variable were modeled as 
a latent difference relative to pretest, we made no further adjust- 
ments. 


Implementation feasibility 


Findings from the classroom observation measure showed that 
both groups included health content in every lesson (See Table 3). 
The neuroscience content connected to health domains was 
observed in 20% of the comparison classrooms and 89% of the 
intervention classrooms. The comparison classrooms did not 
include any neuroscience content (without health), self-regulation 
strategies, or growth mindset content. In the intervention group, 
neuroscience content was included in 77% of the observations, 
while self-regulation was observed in 65% of lessons. Growth 
mindset content was the least often observed domain, with just 
11% of intervention classroom observations including this content. 


Teacher interviews 


An analysis of the teacher interview transcripts found that 
teachers were interested in a new way to teach health education. 
Teachers mentioned the value in discussing brain health with their 
students and how their brains are impacted by their health behav- 
iors. Teachers expressed concern that some of the neuroscience 
content was too dense for their high school freshman, and, in 
some lessons, the connection to health was not clear. Several 
teachers mentioned that the neuroscience health course could be 
offered as an honors level elective rather than the required ninth 
grade healthful living class. Teachers also reported that it was a 
challenge for them to teach the neuroscience content and its link 
to health behaviors given their limited background in this area. 


Student feedback 


Of the 81% of students who answered the question about the 
most important thing they learned, students in the neuroscience 
group were more likely to mention the brain in their response 
(37% vs. 0%; see Table 4). For example, one student in the neurosci- 
ence group said that she learned “that our brains are a really 
important part of our bodies as teenagers.” Another student 
responded, “It is important to take your teen years seriously 
because they are the time when your brain is developing.” Other 
students specifically linked learning about the brain to health 
behaviors, such as sleep, stress, nutrition, and drugs. For example, 
one student wrote, “I learned about my brain and sleep. It has 
really helped me with staying awake during class and staying 
focused” while another learned “how drugs and alcohol affect your 
body and brain.” 

In the comparison group, the most frequently mentioned 
response was related to drugs such as I learned “to not do hard 
drugs,” “no drugs and sex,” and “to not do drugs because they will 
affect your future.” Students in the comparison group were more 
likely to mention nutrition and healthy eating (15% vs. 2%) as com- 
pared to the neuroscience group. 


Table 4 
Open-ended student responses 


Comparison Neuroscience 


Most important thing you learned n 157 164 
Information about the brain 0 (0%) 61 (37%) 
Drugs or alcohol 56 (36%) 33 (20%) 
Sleep 1 (1%) 18 (11%) 
Stress 8 (5%) 17 (10%) 
Nutrition and healthy eating 24 (15%) 4 (2%) 
Sex or abstinence 7 (4%) 2 (1%) 
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Table 5 
Primary outcomes 


Effect of intervention* 


Variable/subscale Effect estimate 95% CI g 
Core knowledge .04* .01, .06) 38 
Growth mindset 

Brain abilities 05 —.09, .19) 05 
Effort beliefs 13 —.01, .28) 21 
Self-regulated learning 

Self monitoring -.11 —.36, 14) —.15 
Self reinforcing —.14 —.42, 14) —.13 
Self-efficacy scale 

Acad. planning —.05 —.25, .14) —.05 
Academic focus —.20 —.4, .00) —.18 


Effect of each curriculum 


Standard curriculum? Neuroscience curriculum 


Change estimate 95% CI Change estimate 95% CI 

.00 —.03, .02) .03* (.02, .05) 

05 —.16, 0.25) 10 (—.1, .29) 
—.20° —.29, —.10) —.06 (—.20, .08) 
—.08 —.22, .06) —19 (—.41, .02) 
—.07 —.29, 15) —.21 (—.50, .08) 
—.24* —.38, —.09) —.29* (-.51, —.07) 
—15 —.33, .03) —.35* (—.54, —.16) 


Note. Models adjusted for grade in school, gender, disability status (binary), free-and-reduced-price lunch eligibility, self-reported grades from the previous semester, self- 


reported susceptibility to peer influence, and sensation seeking scale. 
SCSM = Self Control and Self-Management Scale. 

* n=395. 

> n=193, 

© n=202. 

* p <.05 after adjustment for multiple comparisons. 


Intervention effects 


Students in the neuroscience health classes showed a signifi- 
cant increase in core neuroscience knowledge as compared to stu- 
dents in the comparison group (difference estimate in proportion 
correct metric, adjusted for covariates=.04; 95% CI [.01, .06]). 
However, none of the other primary outcomes including Effort 
Beliefs and Brain Abilities, Self-regulated Learning, or Self-efficacy 
for Academic Planning or Academic Focus showed a significant dif- 
ference between the groups (see Table 5). 


Within condition effects 


In addition to examining the impact of the neuroscience curric- 
ulum as compared to the standard curriculum, we also examined 
the pre/post changes within each group. We found significant dif- 
ferences from the beginning to the end of the semester within 
each condition for Effort Beliefs, Academic Planning, and Academic 
Focus. More specifically, the comparison group showed a signifi- 
cant decrease on Effort Beliefs from the beginning to the end of the 
semester (adjusted change estimate =—.20, 95% CI [—.29, —.10]) 
while students in the neuroscience group did not change (adjusted 
change estimate = —.06, 95% CI [—.20, .08]). On the Academic Plan- 
ning scale, students in the comparison group reported a significant 
decrease in their ability to plan (adjusted change estimate = —.24, 
95% CI [-.38, —.09]), as did students in the neuroscience group 
(adjusted change estimate =—.29, 95% CI [-.51, —.07]). On the 
Academic Focus subscale, students in the neuroscience group 
showed a significant decrease in their ability to focus from the 
beginning to the end of the semester (adjusted change esti- 
mate = —.35, 95% CI [—.54, —.16]) while students in the comparison 
group did not change significantly on this subscale (adjusted 
change estimate = —.15, 95% CI [—.33, .03]) by their report. 


Secondary outcomes 


There were no differences between the neuroscience group and 
the comparison group on any of the Health Belief or Health Behav- 
ior measures after controlling the False Discovery Rate to .05 using 
the Benjamini—Hochberg procedure (see Table 6). We also 


examined secondary outcomes within each group. We found an 
unexpected, significant difference from the beginning to the end of 
the semester for the neuroscience health group with a decrease in 
their belief that the use of marijuana was harmful (adjusted 
change estimate = —.51, 95% CI [—.78, —.24]). Students in the com- 
parison group showed a significant increase in the number of days 
per week that they were physically active from the beginning to 
the end of the semester (adjusted change estimate =.22, 95% Cl 
[.12, .32]) and in their belief in the importance of healthy eating 
(adjusted change estimate = .28, 95% CI [.09, .47]). Students in both 
the neuroscience and comparison groups showed a slight increase 
in the number of days they were stressed during the previous 
week from the beginning to the end of the semester (adjusted 
change estimate =.49, 95% CI [.19, .78] and adjusted change esti- 
mate = .48, 95% Cl [.17, .79]). 


Discussion 


The goals of this pilot study were to examine the feasibility and 
promise of an innovative neuroscience-based health education 
course on a range of student outcomes. The curriculum was 
grounded in current developmental neuroscience and the health 
education literature, with an emphasis on the social-cognitive 
skills that promote healthy decision making such as growth mind- 
set and self-regulation for behavior change. Evaluation of this new 
curriculum utilized a sample based primarily on convenience with 
a relatively low-risk albeit racially and ethnically diverse student 
sample. 

The classroom observation data showed that teachers success- 
fully implemented the neuroscience components, but reported 
this information as challenging for them. Teachers were less suc- 
cessful at integrating the self-regulation and growth mindset 
frameworks and reported a challenge in linking the neuroscience 
and health concepts. The low levels of implementation of these 
components may help explain the lack of significant student out- 
comes between the two groups. 

Overall, students in the neuroscience group gained an apprecia- 
tion of the links between health behaviors and the brain as evi- 
denced by their responses about the most important thing they 
learned in health class and their improvement on the core 
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Table 6 
Secondary outcomes 


Effect of intervention* 


Variable/subscale Effect estimate 95% CI g 
Health beliefs 
Positive impacts: 
Physical activity —0.15 —0.38, 0.08) —0.18 
Healthy eating -0.31* —0.55, —0.08) —0.35 
Sufficient sleep -0.33 —0.68, 0.01) 0.33 
Negative impacts: 
Stress —0.43 —0.76, —0.11) —0.43 
Alcohol —0.24 —0.59, 0.12) —0.23 
Marijuana —0.45 —0.80, —0.10) —0.44 
Other drugs —0.20 —0.70, 0.30) —0.19 
Brain impact —0.24 —0.50, 0.03) —0.33 
Health behaviors 
Personal health behaviors: 
Physical activity 0.21 —0.52, 0.10) —0.17 
Eating breakfast —0.22 —0.53, 0.09) —0.18 
Hours of sleep 0.13 —0.18, 0.44) 0.11 
Stress frequency 0.01 —0.42, 0.44) 0.00 
Opinions about peers' 
Risky health behaviors 
Alcohol —0.08 —0.38, 0.22) —0.10 
Marijuana —0.19 —0.51, 0.13) —0.23 
Other drugs —0.07 —0.27, 0.14) —0.14 
* n=395. 
> n=193. 
© n=202. 


Effect of individual curriculum 


Standard curr.” Neuroscience curr.° 


Change estimate 95% CI Change estimate 95% CI 
0.22* 0.12, 0.32) 0.07 (—0.15, 0.29 
0.28* 0.09, 0.47) —0.03 (—0.24, 0.18 
0.14 —0.11, 0.39) —0.19 (—0.44, 0.06 
0.13 —0.10, 0.35) —0.31 (—0.57, —0.04) 
0.01 —0.23, 0.24) —0.23 (—0.48, 0.02 
—0.07 —0.27, 0.14) -0.51* (—0.78, —0.24) 
—0.13 —0.47, 0.22) —0.33 (—0.74, 0.08 
0.11 —0.06, 0.27) —0.13 (—0.34, 0.08 
0.29* 0.07, 0.51) 0.08 (—0.13, 0.29 
0.18 —0.06, 0.41) —0.04 (—0.24, 0.16 
—0.22 —0.42, —0.01) —0.09 (—0.32, 0.15 
0.48* 0.17, 0.79) 0.49" (0.19, 0.78) 
—0.11 —0.32, 0.11) 0.19 (—0.40, 0.02 
0.01 —0.12, 0.13) —0.18 (—0.48, 0.11 
—0.01 —0.12, 0.11) —0.07 (—0.24, 0.09 


* p <.05 after adjustment for multiple comparisons. Note. Models adjusted for grade in school, gender, disability status (binary), free-and-reduced-price lunch eligibility, 
self-reported grades from the previous semester, self-reported susceptibility to peer influence, and sensation seeking scale. 


neuroscience knowledge questionnaire. This is an encouraging 
first step because it serves as proof of concept for a neuroscience- 
based health education course. Many students articulated the 
importance of sleep, healthy eating, and exercise in promoting 
optional brain functioning by the end of the course. As noted by 
Bandura [6], this informational component is the first step in an 
effective prevention program for developing healthy habits and 
preventing risky health behaviors. 

However, we did not find significant differences between the 
neuroscience and comparison groups on growth mindset beliefs, 
self-management skills, or sense of self-efficacy as hypothesized 
by a social cognitive framework [6]. Instead, we found that stu- 
dents reported significant decreases in their effort beliefs (compar- 
ison group) as well as their academic planning (both groups) and 
academic focus (neuroscience group). In addition, students in both 
conditions reported increases in the number of days they were 
stressed by the end of the semester. One possible explanation is 
the developmental context of the transition to high school during 
which students’ perceptions of their abilities shift based on the 
increased environmental demands of a high school setting. This 
certainly highlights the developmental relevance of interventions 
such as this for the transition to high school. 

We also did not find significant effects of the intervention for 
the students’ health beliefs or health behaviors. In fact, students in 
the comparison group reported improvements in their level of 
physical activity and understanding of the importance of health 
eating while students in the neuroscience group did not. It is possi- 
ble that the standard health education course prioritized these 
health behaviors, similar to a study by Yoo and Lounsbery’s study 
[21]. 

Additional curricular development work integrating theoretical 
mechanisms of health behavior change and the initiation of both 
positive and negative health behaviors is also warranted. Sheeran 


et al. suggest that existing health behavior change theories can be 
grouped into four categories, each of which may serve as the target 
of intervention: beliefs about health threats, beliefs about health 
behaviors, motivations that translate knowledge and beliefs into 
action, and automatic responses to stimuli [22]. For example, inte- 
grating a dual-process model that considers adolescents’ emo- 
tional reactivity in addition to their analytic decision-making 
processes may strengthen the curricular approach [23]. 

Results of this study must be considered in the context of sev- 
eral limitations, including the small number of schools, lack of ran- 
dom assignment to condition, reliance on student self-report, and 
lack of follow up. 
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